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[*&«] mm* 

[ft#^i] co 2+ >f^>^ 4? >rtt?M.£.> vammMt. co 2+ ^ 

^^fr^^iTO^**^^ (a) 

±SH?§?£ * IC^fc&I & iff 7L 5 3 £ tc «fc o T , ±IB % y ^ 9 * ic n h £ * tf 
^K^W^i^X^:? (b) i:, 

[»#«4 ] 1 ~ 3 ODVA-f tl^ 1 0{CfH«(D3A;b h - # > A?5t 

ISllgtSXf^^ (a) 

±Sa»**lCH 2 0 2 &flll;LS£fctCJ:o , T\ ^IHTJK^a: U ^>tCnA;i/ h & 
^W?^^$tSXf^ (b) 

Z&t$nXfl,h-#yrt9'R&&i*<Oft9mWio 

[0 0 0 1] 
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[0 0 0 2] 

ig^, jmX'rV J ni?-i:ii/9 hax?*£i&^£i±£/W;*xi^ ha 

[0 0 0 3] 

■T £ {BIB fcWi" * * y * ? MX* & Z> T sK 7 x U ^ > (c^M * ttAMft^tt* £ 
[0 0 0 4] 

(D&iftizy i'J rxDMVfoftizf&MZftZo fit, :7xU ^>&i&gic;&c 

[0 0 0 5] 

gpgttifol 2nmT% itS<Z># > A?fC&Cj:fc^i«V^^gtt£^ p H^^'ffi £ 
m-?o 73K7i 'i f > 1 6 n m®^©f U , * 

t7ar>y h ft(C&£ferrooxidase center (8fcgMIS$§ffi^60 £ Bf^tlSTOT"?? 
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o *LT. «IW3 0 0 0~4 0 0 0H^U 7x'J;WF7^h (5Fe 
2 O s - 9H 2 0 ) ^ H 1t©^-e^gP4 JC^£*l£ 0 Un%$4iZUW2tlfz.±m 

So 

[0 0 0 6] 
[0 0 0 7] 

m&$.T°lZ, XP.Mackle, 1993, J. Amer. Chem. Soc. 115, 8471-847 

2; F.C.MeldrumPj , 1995, J. Inorg.Biochem. 58, 59-68) , ^7 =y y (J.F.Hainf eld, 
1992, Proc. Natl. Acad. Sci. USA 89, 11064-11068) ,/< U U A (D.J.Price, 19 
83, J. Biol. Chem. 258, 10873-10880), 7)1 ^ — «7 A (J. Fleming, 1987, Proc 
. Natl. Acad. Sci. USA, 84, 7866-7870), M&HD. Price and J.G.Joshi, Proc 
. Natl. Acad. Sci. USA, 1982, 79, 3116-3119) £ ^ o fe^Mfe £ ^ttAMffc^ 
%(Z)T3K7 3iU^>^CD^A^#^StiTV\S 0 ^*i<btf>:£M&SV^;j;:£MfI:itr 

6 nmt^S. 
[0 0 0 8] 

[0 0 0 9] 

r>K7a:U^>i<o^asi:rtSPi:S:jlS4S^-y*;i/3 (Hi^i) ©*®jctt, 

[0 0 10] 

Ltfiy, 5=-^^;i/3^^mUii*tlfeF e 2+ -f >r>ttferroxidase center"?: ^ 
ft 2*1, I*»©«l#tt4^fc*frft*. fit, #««2f^fflJCJ:y«-f#>tt 
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mmtZftX. 7xiJMK5>fh (5Fe 2 0 3 -9H 2 0) 
[0011] 

[0 0 12] 

t^t^sri:^?), iti^©^Jli>r^>©r5K7a:y^>/v©3tyji*ii, & 
-uryumzmv**!- x a -est t? £ £ n s . 

[0013] 

r4x£-e&C, h(7)#AlC|l9LTtt> Douglas £>{c & Z> 7kW.it n A )\s h ( 

CoO (OH) ) ©^AcD^-S-^feS (T.Douglas and V.T.Stark, " Nanophase 
Cobalt Oxyhydroxide Mineral Synthesizer within the Protein Cage of Ferr 
itin" , Inorg. Chem. , 39, 2000, 1828-1830) „ _h§HDouglas P> (D^^{C <fc y 3 

rtJl b ffltftt* & t Z> 3 A JV b - T y x y > m&fa £ ftm tS^t^T't 

[0014] 

L^l/&#e>, ±f3DouglasP,(A#&T-te;igM£fflV^^&^£&, =lA;i/ 

ftStiSnA^/ N^[^©^$:li^-r-5 3^^iibVN 0 tot, i£f-&M£ 
ft6 3;U htSf$:^t53A;i/h-7^7x'Jf>M$:lll)3^^ 

[0 0 15] 
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[0 0 16] 

pHM»i^, c o 2+ ^&M£it^timmz:mm-tz>XTv7 U) * 

M?5:^$t5^f>y^ (b) h&H-fr,, 
[0 0 17] 

[0 0 18] 

-hfHp HMWJ£_tiBC o 2+ #^Mi:li, «chepe smrii^* L 

[0019] 

HEPEStt, pHmmMHLX<DmmH, Co 2 V^>(D^lFli:lT0i 
fB£ ^<Z)fc#>, p Hlffili: C o 2+ ^Ji: SSH Ciit 

[0 0 2 0] 
[0 0 2 1 ] 
[0 0 2 2] 
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i>Jf>il, HE PE S HZ&ftmWL&MmirZXTV? (a) ±13^* 

^§f5Xf>y^ (b) £*<Sti 0 
[0 0 2 3] 

C o 2+ J*> £H 2 0 2 £ (Dfxfotf HE P E S T?ff*s 

[0 0 2 4] 

[0 0 2 5] 

Co 2+ +H202 V"*" Co0(0H)+H + 
[0 0 2 6] 

j$L&#£>, ^/SOD3t^fJC#oT^^-r-g>H + $:tp^tI-rSo Z.<Dtc®>, ±f2Dougl 

-•eib<«ffb^e>NaOHS:iTt5. 
[0 0 2 7] 

_h^b^cke)ic, _hfHDouglasPj(Z)^^-eii, 3^ h - T ii<:7 x U 9- 
BJ!#te, ±fBDouglas*><Z);#SS<Z>jii£U£fTfcV^ JifHDouglas^ ©TJ&fClir^tf) 
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[0 0 2 8] 

j&kdihwj&u:, mwm&m^*?^ r^7xyf>»«i:NaoHS:»Tt 

S3/t/bh«S!|SW^*lc^^ffi-ri:#^e>tiS 0 

[0 0 2 9] 

•tSEtt*lT?»«. tot, 7jK7x'Jf>M«N aOH#^T2*XfcgP:*Mi> 
[0 0 3 0] 

^3©rajSj^tt, xm^m-e^^e»ri:^iibv\^-efeSo _tfaDou g iase, 

Toj&B;t&#£N aOH^iTt^. r (Z)^^Tli, jRj5tg$fc<0^£*# 2 0~ 
5 0 m lTO^M^t^' SJSX/r-^&X^&gim 
St, mmn/1;i/h, «BHb#*;fcJ:tfN a OHSr^-tl^tlT^^ 

/l/K liftTKi^i^NaOHS:, *A<DT tf7 x U ^^^tfUC^tl-gW© 

[0 0 3 1] 

(£Jftgffii l ) 

[0 0 3 2] 
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B2 ^mMMM(D^A)Vb-r^y x'jf>S^©^S3^^t7a 

[0 0 3 3] 

02{C^t*«fc^lC Xf7^S t 1 &CfcVN"t, HEPESim T4< 
[0 0 3 4] 

tfH 2 0 2 ) Sr^-tS. ZKJDigfNCfcoT, 7*°7x'Jf > 1 ®^g|54 C*®? 

ftnA;i/h (CoO (oh) ) tfmAZti. nAfrh-Ttf? iU ^^ilrtttf 

[0 0 3 5] 

[0 0 3 6] 
[0 0 3 7] 

£t\ Xf>y^Stltll SM®PH^7. 5 — 9. 0^S(D^H{CM 
|gLT^3<o SJSM© P H£ p H 8. 0-8. 8 ^©^BtClf |g bT 

fc< bVN a sjs^?s©ph^ph8. o~8. smm^mm-e^ r 

C o 2 V 4 7rf<:7x 

1 ©#Sr«P4 tCzKgftfbn/Ol/ h (CoO (OH) ) ^feftSMttt^^* 
Sti^-Tv^ #p Hlcfe^snA;i/h#!lS^©0^fi§S:J^T©^l Ic^-Tc 

[0 0 3 8] 
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X 
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[0 0 3 9] 



tUtS. pH#8. 0 — 8. 8<DmfflT*i*. H E P E S tf>M»tg;Wl«V^H£ 
*MxTV^#, HE PE S«££1«K LTfcWfcCfcV^ SftM^OHEPES 
^Ste. (CoO (OH) ) ©tfclMCTtipH^ftW/h 

#3 mM©i^ll 9 OmMJ^_htf)}g|£<Z)HE PE S MffiWl l^tltfJ: V% 0 
[0 0 4 0] 

Ttfy^V^yVfiLJ&mWLtPX'Ommi*, 0. l~lmg/ml (15 0. 2~ 
2 /tM) ©ISHl*f£&£ J:e){CM^t-^o 4StC, 0. 5mg/ml (UM) I 

[0 0 4 1 ] 

©IgJi, TsK7xU^>«S© 1 0 0 0>fg~5 0 0 0#Hl£#.fcV*#, #(C2 
0 0 0~3 0 0 0MS*WtlK C o 2+ -f *>£_hfSaMJ: l J t>flH§ 

T'CCoO (oh) ©WlKftU, z:<Z)tfc]Sicn^;vh-rjK7xU^> 

[0 0 4 2] 

TaK^xU 5mg/ml («JUM) 2 
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[0 0 4 3] 

*mfi^J»7?ti, 7."rV7S t 1 IC^^T, HEPES0iHi^3 
OmM (pH8. 8) IC, 7^7i'Jf >©fHIS^O. 5mg/ml (1# 
M) (C, C o 2 Vt>0fHII^5 mMlCfc&J:3Cj5J£i8«&»IS0TV%S 

o 

[0 0 4 4] 

3cic % xf^st2t'H o. o i ~3 %©iiMi*$:> nA;i/h-r^r 

>©l/2~l^iiSMS. MxJi, Co 2 Vt>^2mM0i^ H 2 0 £ 
ODS^^^ 1 mM~ 2 mM©^HfttC^^i:e)lC»t-^o 
[0 0 4 5] 

tfmmtftZ (ClVtXt Co 2 Vt>5:^ia, CoO (OH) <DJ& 

f&zmm-tz) c i £^£&vNi&£MVN£3£ftW£ lv^ 

[0 0 4 6] 

^?t,g»> 1 0 mMJ^_hT'^n^.Tt)KVN7b\ Na 2 S0 4 ©i^lt H^M^ 
^£30 mM~ 15 0 mM^-e^^fb-r^fefeiCli+^T^^o 
[0 0 4 7] 

£Lhtf)?§?£^ £ * £ #> & 2 ic^-r o 

[0 0 4 8] 
[*2] 
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[0 0 4 9] 

o 

[0 0 5 0] 
[0 0 5 1] 

Xf«y^St 2C^^t, jgM:*i!*<Z>S5#DfCj: y C o O (OH) 
[0 0 5 2] 

*tm. _tie<z>&#K:£^T, irajs^tsi:, »i*ra^e>«B^*. l 

frL&tfg>. HlSS:5*^^tc3i«>Sfc«bU:, 4 o °C^p> 7 o "Cg^lc 

7 0X:&±r*lZTtf7 ^V^y%L^i$^£felZftZ><DT*. ^M~7 0°C 

rfc##*LV*„ *>SVU±, ^|»a©TjK7a:U^>S:MV^ixtf, 80 — 100 

OH) ©JgS1£#&< -5. 
[0 0 5 3] 

Xf>yy S t 2 iCfcV^, H 2 0 2 ©*^tgS^ 2 mM 
JC, N a 2 S0 4 ©«^IS^7 5mM{C&5J:e>{C/xJ&^m£^IDU 
5 OticMbt^S. 
[0054] 

IfMItSHEP E SiSl®!^ HE P E S £. C o 2+ -f * > £ ©P^T' 
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[0 0 5 5] 



lit 2] 



Co- X> ^ 



Co 2+ + 




[0 0 5 6] 
[0 0 5 7] 

±!Bfl:^jiS*2 & i tim 3 tcavr^tc, co 2+ -hepes^^, h 

EPESfftil, C o 2 Vt>Wi:MtIt#St5 J^lCfcoTV**. 
[0 0 5 8] 

illSX^y^S t 1 ICfeV^T, HE P E S ««»[©f^*> *J ICtK&M V^fc^iS^ 

i^C, C o 2+ -f:*->J«*>lC)5jSU Co 3 V^->fflMCoO (OH) ^ 
j&!%ZtlZ>o CoO (OH) tt^tt«s©*Cii['btC*fcJRL, ^CDjgJfc-r^T^C 
o 2 Vt>liCoO (OH) ifc«£fc£. 
[0 0 5 9] 

o 2+ >ft>i:HEP E S il^lOTT^5Co 2+ -HEP E S#lir#;£^ 
*££#T*£fcV%i:#;*.e>*lS. tot, TJK7xU^>CD^aPtfti. *5t" 
^lC^?gtfr{C$>SC o 2+ -f^->^H 2 0 2 {C «fc UM2*lT, CoO (OH) <D 

[0 0 6 0] 

•£*HC*f LTTsK^x 1 ©fiS#»4 J*, p H^8^3£-etiV-f^-^h«; 

oTV^<£>-£\ EI 3 IC^-T <fce>tc, 7^7i'Jf > 1 (D^SNCit^tC o 2 V^ 
>©tSS^lS<«:oTV^S. £0>*MI, 7d<7i U f>> 1 OUfir95 4 WT»C o O 
(OH) tf&9ii&UZM&Ztl2>&olZte€> a ££>IC, CoO (OH) <Z)*®#M 



1 2 
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[0 0 6 1 ] 

mwi±fo^$>z>c o 2+ ^*>iz, h 2 o 2 ©»{cj:*jcoo (oh) mmn& 
he p e s#i=r##fl¥itLTc o 2+ ^*yi*m%&znz> 0 «£ot, )s.mmm$><D 

[0 0 6 2] 

ZL©J;e)^^*-XA(DMm, C o 2+ -HE P E S^iD^Co 2 V^>^ 
ittCiot, #j#S5 4TCoO (OH) 3/Uh-r^7x 
[0 0 6 3] 
[0 0 6 4] 

##3, 0 0 0EP&, 1 5 — 3 OftCDgzftXmfoftMV. tfc^^^^f^- 

T> ftM£l&£L£^©_£:ig;«&£ £&C4*# 1 0, OOOiE 3 0«fr 

[0 0 6 5] 

7£{C. £0>JtS#?R©?g*fc& P H 7. 0, lOOmMCOHEPESift^?) 
15 0 mMCON a C 1 mffl.^ £S#T J: USilbT, $T7c&nA;i/ h -Ttf^o: 

[0 0 6 6] 

^VNT, nA;Vh-7^7x'Jf>I^#:M?: 1 ~ 1 0 mg/m 1 (Dtf:M<D 

so 4 m aAivh-Ttfy^v^y^fozmmzitz* 

[0 0 6 7] 



1 3 
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nAfrh-Ttf7*V*y&'et#&Wi*&&3, 0 0 0HIE 2 0^0 
|^U5OmM0NaCl^AofepH8. 0. 1 0 ~ 5 0 mMfl) T r i s 
[0 0 6 8] 

[0 0 6 9] 
[0 0 7 0] 

#fC*H2fe^ffiT'ttN aOH5:fflV^^^^©t^ 7 ^7 x. U ^ > L T L * 

e>£^*i#&VN 0 z.(Dtcth, 7tf7^V^ytf*&(D&MZftM-V£2>W;M. -d 

[0 0 7 1] 

ftlC&SC o 2+ -T^>Ji, H 2 0 2 ©ttCj:yCoO (OH) tfcfgil&oTStf 
«^t5^> ±Eftf SIS^ 2 CD^SJSIC i »J , Co 2+ -HEPES^M 
»ibtCo 2 Vt>liM$tl§. Co 2 Vt^lt 7^7x'Jf 
gP4tf>V-r^**#&C£ tjtftffiStu «#SP4T?CoO (OH) Outfit*? b 

IWII*t*7<§< bfc^i^c, (*Hife^-ettH 2 o 2 ) &i£-icfj£ifc 
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[0 0 7 2] 

El 4 \t , tc J: y # e> *i 3 a^/ h - r jK 7 ai u ^ > <o « 

(««P«U) CCoO (OH) #^y&^TV^&fll^#a*3*iT^S. 
[0 0 7 3] 

0 5t±, HE PE SiK«*<Df^t)yjCU >lttli*ifcttTAP Sigffi 
JCT?&£. EI 5 £04 h£Jt3£bT<fr££> 0 5*ett, ft*»tC$cfln?jg*'*- J:' -5 

jcrjK^xu-^xortSP (-R#«o fccoo (oh) «<fljtya*nTv^3!fev^rfc 
wt>fr&. o*y, y>ai«««[«:«v\fe*^jcit, y^xy^ 

CoO (OH) CD^fiJt^jar b<fcV^. #|§^#^ Tr i 

s« TAPSifS, oiU *y<D&&BT* 

CoO (OH) ©^JfctfjS^&fcV^fcfcttS^TV^. Z1(Z)^75)^, Co 2+ 

$wmWL*vc oo (oh) ©i5f:l^*ot^st©i:#A^ns 0 o*y, t 

APsim Trisim vymmmm. mmmmm^ifom^zit. c 

o 2+ 4*y£ y ££«Tr i s ±ia^b^^2fej: 

tf03©J:•!>3S^5^if?«JK*^y3ioTV^^:v^i:#^.P,^^s o 

[0 0 7 4] 

J^_b©3il^e>, ^fl&MT'tefflV^^SHE P E S«U IflT'S'J, JL 
C o 2+ 4*>H£&-t2>£&fflH 0T*ffiLTV*.6i;:t;*.e>jfi5 o tot, 
*»M^5HEPE stt»8t0>.fSfcyic, MfiJ:^»i: Ltf 

TO^$rP*3^t-^3A;i/h-T5i<^3iy^>^#:^#P>tl-5 0 o*y, 
tbt, iiH TAPSlfE Tris« 'J if S:, 

fflUVTlt. t/9 Wr*7s Y "yy, V =y Vy^-^Jl. % <J y V - Vyt&H 



1 5 
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[0 0 7 5] 

*mmmmxiz. nAjvh^mA-t^^y^^Mthxr^y^v^y 

[0 0 7 6] 

tt#J£fSfc>y lCjg^T4jJ:VN 0 Mxli. KMn0 4 , K 2 Cr 2 0 ? HNOg 
& if ZmitM tbTH 2 O 2 (Df^;t3 y {CM V > £ 3 £ i$X £ Z> . 
[0 0 7 7] 
(HMm2) 

[0 0 7 8] 

EI 6 (a) ~®6 (d) *H«ffico^^'ffi^^y -fe;V<Z)^^i£$:^ 
[0 0 7 9] 

£1*, 0 6 (a) iZ^k-t JIMX*. pMSiSilOlJii:, LOCOSitCj: 

y, ?Stt«*S3tyHtf*^mfl:«ll 0 2fe^«Lfe«, £«_htch>*;i/ 

«e»tti:LT««'t«^-hafcftBii 0 3 &i»afc«&fcj:oTjgja-rs. 

, 6 n mgSfflfit&f tS^Mf ?>^l) K*; hflcl 0 4 

[0 0 8 0] 

#cic, 06 (b) ica^xgT?, HS±ic, *es*fcttcvDffiic<fc y 

, Nft 1 0 4 S i 0 2 l^if§ 0 

[0 0 8 1] 

0 6 (c) {C^fXST*, *^±iCA ^VNT, 7* h 
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^Prl T^bftTV^fc^ffifHilft^Stl*©"^ ^CD_t<D htt 1 0 4 =fo |Wf 
bT^M^-Y :*>tf>&A£?T&oT, *1, $2nlitI10 7a, 10 7b 

o 

[0 0 8 2] 

®6 (d) ic^-rxs-e, js#i<z>#&icj: Milios©^ 

Hi, «2T;b^-^AB5i»l 11a, 111 b tf>7£f£i: Srff * 3 . 
[0 0 8 3] 

*»«k<, se>c g a a s zizv&£?ziti!r®¥mfaz<nm<D¥mmz£ vm 

[0 0 8 4] 

?&&C, 06 (a) iC^XgtCfcV^, Ky 1 0 4 ^lilfC^tS^ 
[0 0 8 5] 

0 7 (a) lC^-fX@T% _hfBm6^ffil"e#e>4xfc3A^/h-T.sJ<7 

1 5 0 Z&Wll 3 0(7)^®±(CgBSt-^ o Z.<DZ.h\Z cfcoT, &-£#l 5 0 

. >&33, £%1 3 0 iltt, 0 6 (a) {C^-fXgT?, pIS i 26« 1 0 lJblC, 
LOCOSiCiU, ^'SfIigc$:^UH^^It^Ml 0 2S:^bfeft, 
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[0 0 8 6] 
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